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Investigations into spatial ability and particularly mental rotations have revealed a gen-
GHUGLIIHUHQFHIDYRXULQJPDOHV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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tions becomes increasingly interesting as the concept of mentally storing the image of an 
abstract stimulus through the various stages of the rotation is posited as a core process 
ZLWKLQWKLVDELOLW\
Cognitive load and spatial working memory in mental rotations
,WHPVZLWKLQPHQWDOURWDWLRQWHVWVFRPPRQO\LQYROYHWKHSUHVHQWDWLRQRIDWDUJHWURWDWLRQ
ZKLFKLQFOXGHVDQDEVWUDFWVWLPXOXVSUHVHQWHGLQDQLQLWLDOVWDWHDQGLQDJRDOVWDWH$
second item stimulus is then presented in an initial state. The objective is to apply the 




















pupil dilation, an indicator of mental effort, increased monotonically relative to an in-
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There are multiple approaches to measuring mental effort or cognitive load including 
















method of investigation. 
Participants
7KLVVSHFL¿FVWXG\XVLQJSXSLOORPHWU\ZDVSDUWRIDODUJHUVWXG\H[DPLQLQJWKHHIIHFWVRI
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WKHSHUIRUPDQFHLQWKHPHQWDOURWDWLRQLWHPVDQGERWKWKH3)7ȡ p < .05) and 
5$30ȡ p)XUWKHUPRUHDVWDWLVWLFDOO\VLJQL¿FDQWVWURQJFRUUHODWLRQZDV
Figure 1. Illustration of test condition one (left) and condition two (right). Items in  
WKLV¿JXUHDUHVDPSOHLWHPVQRWLQFOXGHGLQWKHDFWXDOWHVWV
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Pictorial PSVT:R Dilation 
Mental Rotation Performance  
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VLJQL¿FDQWDWWKHOHYHO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WDLOHG
Figure 2. Average pupil dilation for items in each test condition. Vertical axes indicate  
pupil dilation in millimetres (mm) and horizontal axes indicate test item numbers.
Engineering Design Graphics Journal (EDGJ)  













Figure 3. Pupil dilation results for each participant for the standard PSVT:R items.  
Vertical axes indicate pupil dilation in millimetres (mm) and horizontal  
axes indicate test item numbers.
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GLI¿FXOW\LQFUHDVLQJ,QDGGLWLRQWRWKLVZKHQFRPSDULQJWKH52 values for the trends 
EHWZHHQLQGLYLGXDOVWXGHQWVHIIRUWRQWKHVWDQGDUGDQGH[SHULPHQWDOLWHPVLQRIWKH






Figure 4. Pupil dilation results for each participant for the experimental PSVT:R items. 
Vertical axes indicate pupil dilation in millimetres (mm) and horizontal axes  
indicate test item numbers.
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ment, or reduced enthusiasm to have caused the negative trends, these variables did 
not affect participants enough to impact substantially on performance. The relationship 
EHWZHHQWKHVHDQGUHODWHGHPRWLRQVZLWKWHVWWDNLQJEHKDYLRXUUHTXLUHVIXUWKHULQYHVWL-























typically higher for the standard items. This is likely due to it being a validated instru-
PHQW,WLVLQWHUHVWLQJKRZHYHUWKDWWKHUHVXOWVIURPWKHLWHPVZLWKIDPLOLDUVWLPXOLVKRZD
VLPLODUWUHQGDVWKHVHLWHPVZHUHH[SHULPHQWDODQGQRWVWDWLVWLFDOO\YDOLGDWHGSULRUWRWKLV
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to be retrieved from long-term memory storage rather than needing to be encoded into 
WKH6:0ZKLFKPD\IDFLOLWDWHDQHDVLHUPHQWDOURWDWLRQ
Conclusion






can be trained, it may be possible to enhance such interventions through the incorpora-
WLRQRIZRUNLQJPHPRU\WUDLQLQJDQGLQFUHDVHWKHHIIHFWVL]HWKDWFDQEHREWDLQHGERWK
LQWHUPVRILQFUHDVLQJVSDWLDODELOLW\FDSDFLW\DQG67(0SHUIRUPDQFH)LQDOO\LILWLVWKH
case the either a strategy can be developed in the initial test items or that a degree of 
HI¿FLHQF\FDQEHDFKLHYHGPDNLQJPRUHPHQWDOUHVRXUFHVDYDLODEOHLQPRUHGLI¿FXOW
items, this has implications for research aiming to adapt the PSVT:R and potentially 










aptitude test scores. Science±
%UDQRII76SDWLDOYLVXDOL]DWLRQPHDVXUHPHQW$PRGL¿FDWLRQRIWKH3XUGXH6SDWLDO9LVXDOL]DWLRQ
7HVWYLVXDOL]DWLRQRI5RWDWLRQVEngineering Design Graphics Journal,±
%UQNHQ53ODVV	-/	/HXWQHU''LUHFWPHDVXUHPHQWRIFRJQLWLYHORDGLQPXOWLPHGLD
learning. Educational Psychologist±
Engineering Design Graphics Journal (EDGJ)  
















tion. The Quarterly Journal of Experimental Psychology±
(NVWURP5)UHQFK-+DUPDQ+	'HUPDQ'Kit of factor-referenced cognitive tests. Prince-
WRQ1HZ-HUVH\(GXFDWLRQDO7HVWLQJ6HUYLFH













burgh: Unpublished Manuscript. Department of Psychology. Carnegie Mellon University.
-XVW0&DUSHQWHU3	0L\DNH$1HXURLQGLFHVRIFRJQLWLYHZRUNORDG1HXURLPDJLQJSXSLOOR-
PHWULFDQGHYHQWUHODWHGSRWHQWLDOVWXGLHVRIEUDLQZRUNTheoretical Issues in Ergonomics Science, 
±±










chives of Sexual Behavior±
/XELQVNL'6SDWLDODELOLW\DQG67(0$VOHHSLQJJLDQWIRUWDOHQWLGHQWL¿FDWLRQDQGGHYHORSPHQW
Personality and Individual Differences±
Engineering Design Graphics Journal (EDGJ)  




















ness differentially contribute to neurospatial function on the memory island and novel-image nov-
el-location tests. Physiology & Behavior±
5DLVLJ6:HONH7+DJHQGRUI+	YDQGHU0HHU(,QYHVWLJDWLQJGLPHQVLRQDORUJDQL]DWLRQLQ
scripts using the pupillary response. Psychophysiology±
5DYHQ-5DYHQ-&	&RXUW-+Raven manual: Section 4, advanced progressive matrices, 
HGLWLRQ2[IRUG2[IRUG3V\FKRORJLVWV3UHVV/WG
6RUE\6(GXFDWLRQDOUHVHDUFKLQGHYHORSLQJ'VSDWLDOVNLOOVIRUHQJLQHHULQJVWXGHQWVInterna-
tional Journal of Science Education±











Dr. Jeffrey Buckley UHFHLYHGKLV3K'IURP.7+5R\DO,QVWLWXWHRI7HFKQRORJ\6ZHGHQLQWKHDUHDRI
VSDWLDODELOLW\DQGOHDUQLQJLQWHFKQRORJ\HGXFDWLRQ+HLVDTXDOL¿HGSRVWSULPDU\WHDFKHURI'HVLJQDQG
Communication Graphics and Construction Studies. He is currently a post-doctoral researcher in engi-
QHHULQJHGXFDWLRQLQ.7+5R\DO,QVWLWXWHRI7HFKQRORJ\6ZHGHQDQG$WKORQH,QVWLWXWHRI7HFKQRORJ\
Ireland, and is also a member of the Technology Education Research Group (TERG). His main research 
LQWHUHVWLVLQKRZSHRSOHOHDUQ+HLVSDUWLFXODUO\LQWHUHVWHGLQKRZFRJQLWLYHDELOLWLHVVXFKDVVSDWLDODELOLW\
DIIHFWVWXGHQWVFDSDFLW\WROHDUQDQGKRZOHYHOVRISULRUNQRZOHGJHLPSDFWRQIXUWKHUOHDUQLQJ-HIIUH\LV
also interested in inclusivity in engineering and technology education, particularly in relation to stereo-
types and misconceptions that people may have about technical subject areas.
Email: jbuckley@kth.se
Engineering Design Graphics Journal (EDGJ)  





Dr. Donal Canty LVDTXDOL¿HG3RVW3ULPDU\WHDFKHUZLWK\HDUV¶FODVVURRPH[SHULHQFH'RQDO¶VUHVHDUFK
interests are in the areas of pedagogy and assessment. His doctoral studies investigated the impact of 
holistic assessment using Adaptive Comparative Judgement (ACJ) on student learning and capability. 
Donal is one of the founding members of the Technology Education Research Group (TERG) and has 
OHGERWKQDWLRQDODQGLQWHUQDWLRQDOUHVHDUFKSURMHFWV+HKDVVLJQL¿FDQWH[SHULHQFHLQPDQDJLQJVFKRRO
based research that focus on assessment practices and technology mediated teaching and learning. 
'RQDOKDVH[WHQVLYHH[SHULHQFHRISURJUDPPHGHVLJQIRUERWKVHFRQGDU\DQGKLJKHUHGXFDWLRQDQGLV





nology Wood and Construction Studies in this school since September 2017.
Email: #VWXGHQWPDLOXOLH




has served as director of studies at undergraduate and masters level for Technology Teacher Education, 
ZKLOHDOVRGHYHORSLQJDQHPHUJLQJUHVHDUFKDJHQGD1LDOODOVRVHUYHGDVDYLVLWLQJ$VVRFLDWH3URIHVVRU
of Technology Education at the Royal Institute of Technology, KTH in Stockholm. Niall founded and still di-
UHFWVWKH7HFKQRORJ\(GXFDWLRQ5HVHDUFK*URXS7(5*ZKHUHKHDFWLYHO\VXSHUYLVHVUHVHDUFKVWXGHQWV
and participates in international research projects. He remains committed to advocating for technology 
and engineering education research and supporting the development of associated policy and practice.
Email: nseery@ait.ie




Goals of his research are to further our understanding of the neurocognitive and perceptual processes 
XQGHUO\LQJVNLOOHGPRYHPHQWDQGKRZWKHVHVNLOOVFDQEHDSSOLHG
Email: mark.campbell@ul.ie
